Cartilage produced in 2-week-old intramuscular transplants of syngeneic chondrocytes in rats did not display any signs of rejection. Cartilage produced by similar transplants in animals presensitized with intramuscular transplants of allogeneic chondrocytes was surrounded by infiltrations composed mainly of lymphocytes and was partially resorbed. Spleen mononuclear cells (SMC) from recipients of syngeneic transplants alone were not stimulated in mixed splenocyte-chondrocyte cultures by syngeneic or allogeneic chondrocytes. SMC from recipients of allogeneic and subsequent syngeneic transplants were strongly stimulated by both syngeneic and allogeneic chondrocytes, although stimulation by the latter was significantly more pronounced. Sera from naive rats usually contained cytotoxic antichondrocyte antibodies but their level varied considerably in various individuals. In rats chosen as transplant recipients on the basis of low antichondrocyte cytotoxicity of their sera, this toxicity was markedly raised after sensitization with allo-and syngeneic chondrocytes. Absorption with thymocytes or fibroblasts decreased but did not abrogate cytotoxicity. These observations support previous reports suggesting expression of tissue-specific antigen(s) by chondrocytes.
INTRODUCTION
animals, such as rabbits or hens, frequently formed cartilage without signs of rejection (35) (36) (37) 43) , although marked rejection in this system was also observed (21). Although first papers on transplantation of chondrocytes appeared in 1965 (29, 40) , interest in chondrocyte Transplants of syngeneic chondrocytes produce cartilage similar to that from which they originate without transplantation was stimulated only recently, after autogeneic chondrocytes grown in culture were successfully any signs of immunological reaction [(28) and ref. therein]. Nevertheless, numerous authors described stim-applied for healing the articular cartilage defects in humans (4, 33, 34) . However, the supply of autogeneic ulation of lymphocytes by syngeneic chondrocytes in vitro (12, 13, 17, 24, 41) and suggested that chondrocytes chondrocytes is limited (4) and thus the possibility of clinical application of allogeneic chondrocytes would be may express a tissue-specific antigen. However, as alternative explanation of this phenomenon, it was also sug-of considerable value. Transplants of allogeneic cartilage usually resist rejection (14) thanks to the sequestra-gested that response of lymphocytes cultured with syngeneic chondrocytes was caused by proteolytic enzymes tion of chondrocytes by the matrix (2, 19) . On the other hand, allogeneic chondrocytes, lacking matrix protec-used for chondrocyte isolation and retained on their surface and not by specific antigens (9) . Because chondro-tion, sensitize recipients, and the cartilage produced by such chondrocytes is resorbed (30) . These effects were cytes express class II MHC molecules (6, 26, 42) and thus may present exogenous antigens, this suggestion de-particularly evident if strains of rats fully incompatible in major histocompatibility complex served as donors served serious consideration. Collagenase used for chondrocyte isolation usually and recipients of chondrocytes (19, 20, 27) . In such a system rejection of cartilage produced in articular cartilage contains clostripain, which is harmful to cells. Addition of clostripain inhibitor (Nα-p-tosyl-l-lysine chloromethyl defects could not be prevented even by combined administration of cyclosporine A and cladribine (32) . Con-ketone, TLCK) to collagenase solution considerably reduces cell damage (15). We have recently observed that trary to these observations, allogeneic chondrocytes transplanted into articular cartilage defects in noninbred syngeneic chondrocytes isolated by collagenase with 626 MOSKALEWSKI, OSIECKA-IWAN, AND HYC TLCK do not stimulate spleen cells in the mixed chon-Histological Evaluation of the Grafts drocyte-splenocyte culture. On the other hand, spleno-Cartilage formed by transplanted chondrocytes was cytes taken from animals bearing transplants of allogefixed and simultaneously decalcified in Bouin-Hollande neic chondrocytes were stimulated by both syngeneic solution (39). The transplants were embedded in MEDIMand allogeneic chondrocytes (32) . This observation sug-Plast (MEDIM, Giessen, Germany) and cut on a rotary gested that syngeneic chondrocytes indeed express tismicrotome at 7 µm. Sections were stained with hemasue-specific antigen(s) but in vivo sensitization against toxylin-eosin. this antigen(s) occurs only under special conditions (i.e.,
Mixed Chondrocyte-Splenocyte Culture during resorption of cartilage produced by allogeneic chondrocytes). The question whether chondrocytes ex-
The ability of syngeneic and allogeneic chondrocytes to stimulate spleen mononuclear cells (SMC) was evalu-press specific antigen seems important from both a theoretical and practical point of view, because they are al-ated as described previously (20, 32) . In brief, splenocytes were mixed with chondrocytes in wells of culture ready used in clinical practice. Thus, in this work plates and cultured for 96 h. The cells were cultured in syngeneic chondrocytes were transplanted into animals F-12 medium supplemented with 10% FCS, 1% antibipresensitized with allogeneic chondrocytes and the local otic-antimycotic solution, 0.3% L-glutamine in humidiand systemic response against transplants was studied.
fied atmosphere of 5% CO 2 in air at 37°C. [ 3 H]TdR was added 18 h before the cells were harvested and mean MATERIALS AND METHODS cpm of cells from triplicate wells were taken for calcula-Animals tions. As controls for spontaneous [ 3 H]TdR incorpora-Inbred Lewis (Lew, Rt-1 l ) and Wistar Albino Glaxo tion served wells with chondrocytes or SMC alone. Spe-(WAG, Rt-1 u ) rats were obtained from the Animal Unit cific SMC stimulation index (SI) was calculated as: SI = of the Warsaw Medical School and were housed under [SMC with chondrocytes (cpm) − chondrocytes (cpm)]/ standard conditions. Four-day-old and 3-month-old ani-SMC (cpm). mals served as chondrocyte donors and recipients, re-Adsorption of Serum With Thymocytes and Fibroblasts spectively. Thymocytes were obtained from the thymus of 4-6-week-old rats.
Thymocytes were mechanically released from the thymus and passed through a nylon cloth with a 40-µm Isolation and Transplantation of Chondrocytes mesh. Fibroblasts were isolated from skin and subcutaneous tissue of 3-5-day-old rats by digestion in colla-Chondrocytes were isolated from the articular-epigenase solution at 37°C for 1 h. Isolated fibroblasts were physeal cartilage complexes by constant stirring in enseeded into 75 cm 2 flasks and incubated overnight. Then zymic solution for about 3 h at 37°C. Enzymic solution they were detached in 0.02% EDTA in PBS, rinsed with contained 0.25% collagenase (Type I, Sigma), 0.05% culture medium, and passed through a filter with a 20-DNase (Sigma), and 17.5 µM TLCK (Sigma) in F-12 µm mesh to remove fragments of striated muscle cells. medium (GIBCO BRL, Paisley, Scotland, UK) (32) .
A sample of serum diluted 1:4 in PBS was shaken with Following isolation, chondrocytes were rinsed three thymocytes (4 × 10 7 cells /400 µl of serum) or fibrotimes with F-12 medium supplemented with 10% FCS. blasts (5 × 10 6 /400 µl of serum) at 4°C for 18 h. In the first experiment freshly isolated WAG chondrocytes were injected into the muscle of both forelimbs Evaluation of Antichondrocyte Cytotoxic Antibodies and into the posterior tibial muscle of the right leg of Chondrocytes labeled with Na 2 51 CrO 4 were incubated six Lewis rats (3.0 × 10 6 cells/0.1 ml of MEM). After with twofold dilutions of the tested serum. After 1-h in-4 weeks three animals received injection of allogeneic cubation rabbit complement (Biotest, D-63303 Dreieich, (WAG) chondrocytes and the remaining ones syngeneic Germany) was added. 51 Cr radioactivity released into the chondrocytes into left posterior muscle.
medium with the tested serum as well as spontaneous In the second experiment a group of Lewis rats was (medium with complement but without serum) and maxbled from tail veins for evaluation of spontaneously ocimal 51 Cr release was measured (20,32). Each estimation curring antichondrocyte antibodies (20). Six animals was done in triplicate and mean cpm were taken for calwith the lowest titer received transplants of allogeneic culation of antichondrocyte toxicity with the following chondrocytes as in the first experiment. After 4 weeks formula: % cytotoxicity = (experimental cpm − spontaall these animals received injection of syngeneic chonneous cpm)/(maximal cpm − spontaneous cpm) × 100. drocytes into the left posterior muscle. Control group Immunocytochemistry of Lewis rats received a single transplant of syngeneic chondrocytes. All animals were killed by diethyl ether Isolated chondrocytes and fibroblasts were cultured on glass coverslips placed in a 24-well plate. Each well overdose 2 weeks after the last injection. contained 5 × 10 4 cells in 1 ml of culture medium. Some
Statistical Analysis cytospins of thymocytes were also prepared. Cells cul-Differences between groups in mixed splenocytestured for 24 h or cytospins were rinsed briefly with PBS, chondrocytes culture were evaluated by Wilcoxon fixed in 2% paraformaldehyde for 10 min, and rinsed in matched-pairs test or by Mann-Whitney U-test. PBS. Then they were incubated in 3% hydrogen perox-RESULTS ide for 5 min to quench endogenous peroxidase activity Histological Evaluation of Transplants and rinsed three times with PBS containing 2% BSA. As primary antibody served sera in 1:8-1:32 dilution.
In control syngeneic transplants (in nonsensitized Rabbit anti-rat immunoglobulins conjugated with biotin rats) one or more cartilage nodules were present. They (DAKO A/S, Glostrup, Denmark) were used as secondwere surrounded by perichondrium-like structure conary antibody. Afterwards the cells were incubated with taining noncartilaginous cells, presumably of mesenchy-ExtraAvidin Peroxidase conjugate (Sigma). Reaction mal origin. The cells were elongated and strongly adwas visualized with DAB Peroxidase Substrate Tablets hered to cartilage matrix. The most superficial zone of (Sigma). Control slides were incubated in PBS with 2% a nodule contained flattened cells with the long axis par-BSA instead of primary antibody or with sera from naallel to the cartilage border. Further toward the center ive rats absorbed with thymocytes to remove spontanepredominated small, rounded cells. In the central areas chondrocytes were hypertrophied. Although the speci-ous cytotoxicity. mens were decalcified, the areas in which matrix sur-Evaluation of Antichondrocyte Immune Response rounding hypertrophied chondrocytes was calcified could Antichondrocyte immune response of transplant rebe tentatively identified due to the strong staining with cipients was studied by evaluation of SMC stimulation eosin (Fig. 1a, b) .
in mixed splenocyte-chondrocyte cultures and by detec-Syngeneic transplants in animals presensitized with tion of antichondrocyte cytotoxic antibodies. Incorporaallogeneic chondrocytes were surrounded by infiltrating tion of [ 3 H]TdR by SMC from recipients of syngeneic cells. In many areas perichondrium-like structure was chondrocyte transplants was stimulated neither by synabsent and the infiltrating cells adhered to the matrix or geneic nor allogeneic chondrocytes. SMC from recipipenetrated into it forming erosion pits (Fig. 1c, d) .
ents of allogeneic and subsequent syngeneic chondro-Among infiltrating cells predominated lymphocytes.
cyte transplants were stimulated both by syngeneic and Neutrophils were absent. Allogeneic transplants made in allogeneic chondrocytes. Stimulation of [ 3 H]TdR incoranimals presensitized with allogeneic chondrocytes poration by allogeneic chondrocytes was, however, sigcould not be found during autopsy.
nificantly higher (Fig. 4 ).
Hypertrophied chondrocytes surrounded by calcified
In rats chosen as transplant recipients on the basis of matrix predominated in 6-week-old cartilage nodules low antichondrocyte cytotoxicity of their sera this toxicformed by allogeneic chondrocyte transplants made for ity considerably raised after sensitization with allogeneic sensitization of rats. In areas occupied by nonhypertrochondrocytes. Absorption with thymocytes or fibroblasts phied chondrocytes infiltrating cells accumulated in a in both groups of rats decreased but not abrogated cytoconsiderable number. They frequently invaded the matoxicity (Table 1) . trix, penetrating also into cartilage lacunae (Fig. 2a ). Considerable amount of bone tissue was formed on the DISCUSSION surface of calcified matrix (Fig. 2b) .
Rejection of transplants formed by syngeneic chon-Immunocytological Observations drocytes in animals presensitized with allogeneic chondrocyte transplants was evident owing to the presence In chondrocytes treated with serum from rats bearing of lymphocytic infiltrations and resorption of cartilage. allogeneic transplants of chondrocytes strong reaction Previous studies indicated that considerable percentage occurred both in cytoplasm and in the nucleus. After of cells infiltrating cartilage in the course of its rejection serum absorption with thymocytes, reaction in the cytocontained CD8 + or CD4 + marker. Infiltrates contained plasm was much weaker, but nuclei remained strongly also a considerable proportion of cells of monocytic/ stained. Strong reaction was also observed in thymomacrophage origin (38) . cytes in the form of a ring around the nucleus. Reaction
Rejection of syngeneic cartilage in animals presensiin fibroblasts was less marked than in chondrocytes.
tized with allogeneic chondrocytes could result from re-Cells in controls incubated with 2% BSA or with serum sponse to chondrocyte-specific antigen(s) or to antigens from naive rats remained unstained or displayed only faint coloration (Fig. 3a-c) . present in cartilage matrix. Among the latter, collagen In both groups n = 6. Each bar represents mean ± SE. SMC from recipients of syngeneic transplants were not stimulated by either syngeneic or allogeneic chondrocytes. SMC from recipients of allogeneic and subsequent syngeneic chondrocyte transplants were strongly stimulated. Stimulation by allogeneic chondrocytes was significantly stronger than by syngeneic ones according to Wilcoxon matched-pairs test. The significance of difference in stimulation of SMC from recipients of syngeneic and allogeneic-syngeneic transplants was evaluated by Mann-Whitney U-test.
type II, IX, and XI (5, 41) , core protein of proteoglycans (7, 16, 18) , or link proteins (8) could be involved. Results of SMC stimulation in mixed splenocyte-chondrocyte cultures suggest, however, that the response has been at least partially directed against antigen(s) expressed by chondrocytes. Neither syngeneic nor allogeneic chondrocytes isolated by crude collagenase in the presence of clostripaine inhibitor stimulated SMC from recipients of syngeneic chondrocyte transplants. On the contrary, as observed previously (32) and confirmed in this work, Cytotoxicity of sera against syngeneic and allogeneic chondrocytes was compared at 1:32 dilution because it was in the linear part of the dose-response curve. Each value represents mean (%) from three determinations.
matrix rapidly enough to limit contact of chondrocyte-syngeneic chondrocytes did not evoke any morphological signs of rejection. Imitation of such antigen by pro-specific antigen with immunocompetent cells. On the other hand, during much stronger response against allo-teolytic enzymes used for chondrocyte isolation was seriously considered (9) . Our observations that cartilage geneic chondrocyte transplants leading to cartilage resorption, this antigen could sensitize SMC more effec-formed by syngeneic chondrocytes is rejected in sensitized animals argue against these objections and are in tively.
It is important to stress that sensitization was ob-favor of suggestions postulating expression of specific antigen(s) by chondrocytes. Nevertheless, the final proof tained in intramuscular transplants. Muscular tissue is extensively vascularized (3), which ensures rapid con-that chondrocyte-specific antigen in rats is truly specific will require its isolation and chemical characterization. tact of transplanted chondrocytes with cells of immune system of the host and may help in development of sen-It could be homologous to CH65 antigen present in plasma membrane of human chondrocytes and recog-sitization against syngeneic chondrocyte transplants. This contact would be more restricted in chondrocyte nized by sera of patients with rheumatoid arthritis (1, 42) . transplants placed in atricular cartilage defects and thus the development of immune response in such cases may Another, rather unexpected, observation made in this work is bone formation in 6-week-old epiphyseal alloge-differ considerably.
Sensitization of rabbits with rat, human, or bovine neic chondrocyte transplants. In previous experiments in transplants of allogeneic chondrocytes of similar dura-chondrocytes led to the formation of antichondrocyte cytotoxic antibodies, which could not be absorbed with tion, bone formation has never been observed (20,23,25, 31). In 12-week-old transplants, however, bone forma-lymphocytes (17,27). On the other hand, such antibodies could not be produced in rats by intravenous injection tion was found in the areas of cartilage in which infiltrations were absent. In these areas bone trabeculae ad-of syngeneic chondrocytes (24). In the present work, sera of rats sensitized with chondrocytes and absorbed hered to calcified cartilage matrix (23,38). Thus, after disappearance of immunological reaction calcified carti-with thymocytes or fibroblasts still contained cytotoxic antichondrocyte antibodies. Immunocytochemical obser-lage matrix induced bone similar to that in devitalized transplants of epiphyseal cartilage (22). In the present vations also indicated that absorbed sera contained some antibodies reacting with cytoplasm of chondrocytes. experiments, however, animals received three transplants of allogeneic chondrocytes and thus were proba-However, it is uncertain, similar to the case of experiments quoted above, whether these antibodies were bly stronger sensitized than animals that bore only single transplant as in the studies mentioned above. Therefore, chondrocyte specific or would be removed if cells of another type were used as absorbents.
resorption of noncalcified cartilage matrix and exposition of calcified areas in animals with multiple trans-While numerous experimental data suggested expression of chondrocyte-specific antigen, its existence could plants could take place much faster and result in bone induction. be questioned on the ground that cartilage produced by
